Abstract An analytical model is presented that describes the equilibrium pressure within a confined droplet for small Bond numbers without prior knowledge of the interface shape. An explicit equation for the pressure was developed as a function of the gap height, surface tension, and contact angle. This equation was verified empirically. The shape of the interface was found based on the pressure predicted by both the proposed model and a model commonly used in electrowetting on dielectric (EWOD) investigations. These shapes were compared against experimentally observed interfaces for aspect ratios between 3.5 and 18. The pressures and shapes predicted by the proposed model were at least an order of magnitude more accurate than those predicted with a more commonly used model. At an aspect ratio of 3.5, the average error in the predicted shape was almost 4%, but decreased below the experimental error at an aspect ratio of 6. An aspect ratio of 15 is required for an EWOD device to split water droplets in air. The error in the model pressure and its predicted interface in this case were approximately 0.3%. The analytical pressure model proposed here can be used to increase the accuracy of models of practical EWOD devices. Better accuracy can be attained for small aspect ratios by iteratively calculating pressure using the model proposed here.
15 is required for an EWOD device to split water droplets in air. The error in the model pressure and its predicted interface in this case were approximately 0.3%. The analytical pressure model proposed here can be used to increase the accuracy of models of practical EWOD devices. Better accuracy can be attained for small aspect ratios by iteratively calculating pressure using the model proposed here.
List of symbols g
Acceleration due to gravity, ½g = m/s 2 " h ; h Half height of the gap, ½ " h = m N B Bond number n Outward facing normal vector " p ; p Pressure within the droplet, ½" p = Pa " R Droplet radius in the horizontal plane, ½ " R = m " r ; r Droplet radius in the vertical plane, " r ½ = m " z ; z Position on the vertical axis, ½" z = m c Surface tension between the droplet fluid and the surrounding medium, ½c = N/m g Change in n with respect with z h Angle between tangent to interface and horizontal plane, h ½ = rad hj Àh h À Interface angle at z ¼ Àh (also p minus the contact angle) " j ; j Total local curvature of the interface, " j ½ = 1/m " n ; n Horizontal distance between the interface and the contact line, " n Â Ã = m " q ; q Circular-cylindrical coordinate, " q ½ = m q F Fluid density, q F ½ = kg/m 3 u Circular-cylindrical coordinate, u ½ = rad " / ; / Level set function, " / Â Ã = m r ; r Gradient operator, r Â = 1/m
To separately denote dimensional and corresponding nondimensional quantities, a dash ''-'' is added above the dimensional values. For all the lengths, scale equals to " R; for curvatures-1= " R; for pressures-c= "
Introduction
The completion of the human genome project has resulted in significant interest in the human proteome. Conventional tools used in proteomics have relatively long cycle times due to inefficient mass transport of biological material from solution to the reaction site (Lai et al. 2004) . They also suffer from the overuse of expensive reagents . These disadvantages are particularly limiting in proteomics, where high throughput is necessary and reagents cannot be easily synthesized .
Micro total analysis systems (l-TASs) automate macroscale processes by integrating a series of modules onto a single microscale device. In many applications, the development of these systems increases throughput by reducing cycle times and the consumption of raw materials . The majority of l-TASs for biological applications are based on continuous flow microfluidics (i.e. Lai et al. 2004; Lee and Lee 2004; Endo et al. 2005) . These systems have reduced cycle times and raw material consumption. Despite these advantages, continuous flow devices tend to be difficult to fabricate because of the need for complex components like valves.
More recently, l-TAS devices have been developed that can individually control the motion of multiple droplets of fluid without using channels or other complex components (i.e. Wixforth et al. 2004; Pollack 1999; Fan et al. 2003; Chatterjee et al. 2006; Cho et al. 2003) . Because of their ability to control discrete volumes of fluid, this class of devices is often referred to as digital (or discrete) microfluidics. One of the most promising digital microfluidic platforms uses electrowetting on dielectric (EWOD) to control droplet motion. In these devices, droplets with diameters on the order of 1-2 mm are confined between parallel plates separated by a distance on the order of 50-150 lm (Pollack 1999; Fan et al. 2003; Chatterjee et al. 2006; Cho et al. 2003) . Bond numbers for water droplets in these devices range between 3.5 9 10 -4 and 3.1 9 10 -3 . These devices have the capability to create, move, split, and mix droplets of fluid. They also have low power consumption, high reversibility, and wide applicability to different fluids (Pollack 1999; Fan et al. 2003; Chatterjee et al. 2006; Cho et al. 2003) .
It is maintained that EWOD devices manipulate droplets through surface tension effects (i.e. Pollack 1999; Cho et al. 2003; Ren et al. 2002; Walker and Shapiro 2006) . The shape of the droplet in equilibrium is a function of the surface tension force acting at the interface and the pressure drop across the interface. EWOD devices manipulate the interface shape of a confined droplet so that the radius of curvature in the vertical plane is increased. This weakens the surface tension at the leading edge of the droplet. The greater surface tension at the trailing edge of the droplet then forces the droplet toward the weakened interface above the active electrode. This assumption is the basis for models that have been used to predict droplet motion (Ren et al. 2002; Walker and Shapiro 2006) and a criterion for splitting water droplets (Cho et al. 2003) .
Most investigations in EWOD assume the interface in the vertical plane is semi-circular and can be defined as a function of the contact angle and the gap height (Cho et al. 2003; Ren et al. 2002; Walker and Shapiro 2006 ). This assumed shape is then used to find the pressure drop across the interface so that
where h Àh j is 180°minus the contact angle, " p is the excess pressure within the droplet, and " h is half the gap distance between the confining plates ( Fig. 1) . Dimensionless values of " p and " h are found using the scales c= " R and " R, respectively, where c is the surface tension between the Fig. 1 Static equilibrium of a droplet confined between two parallel plates; aspect ratio is
fluid and the surrounding medium, and " R is the droplet radius in the horizontal plane (Fig. 1) .
The retarding forces on the droplet in both Ren et al. (2002) and Walker and Shapiro (2006) were increased to agree with experimental observations. In the study by Ren et al. (2002) , a contact line friction coefficient of 0.4 was added to reduce droplet speed. In the study by Walker and Shapiro (2006) , the retarding force caused by contact angle hysteresis was effectively increased above what would be expected for the contact angles observed. This was done to eliminate the formation of satellite droplets in the simulation of droplet splitting. These models may have overestimated the driving forces on the droplet because the surface tension forces were determined by assuming the shape of the interface. Even if this were not the case, it is valuable to determine the uncertainty associated with the semi-circular interface approximation.
When determining the accuracy of (1), it is interesting to examine the case of a cylinder, where the contact angles on the top and bottom plate are 90°. The limit of (1) as h ? 90°is zero. This suggests that the pressure in the droplet in this case would be atmospheric pressure. However, from the Laplace law (Berthier 2008) and an expression for curvature (do Carmo 1976), the pressure difference across a curved three-dimensional interface is
where " R and " r are the radii of curvature in the horizontal and vertical planes, respectively. As h Àh j ! 90 ; " r ! 1 and the pressure in the droplet becomes c= " R which approaches zero if " R ! 1: This suggests that (1), which is derived by assuming the shape of the interface, should be replaced by a more phenomenologically accurate model for pressure and surface tension forces in EWOD devices.
Despite the base assumptions, (1) is a useful model for EWOD investigations that provides an explicit equation for the pressure difference that drives droplet motion as a function of parameters relevant to EWOD devices (i.e. c, h, and h). Earlier work has studied confined or surface tension driven droplets but was focused on uncovered droplets (Brochard 1989) , or geometries at scales not suitable for microfluidic devices (Carter 1988) . Investigations of geometries seen with EWOD devices are found in the liquid bridges community (i.e. Montanero et al. 2002; Acero et al. 2005; Verges et al. 2001 ). An explicit equation for the pressure across the interface of a liquid is given by Montanero et al. (2002) , and a model to determine this pressure was presented by Acero et al. (2005) . However, neither model finds pressure as an explicit function of the contact angle. The shape of a liquid bridge was derived by Verges et al. (2001) and could be used to determine pressure across the interface. The interface shape derived by Verges et al. (2001) is dependent on a parameter related to contact angle, but no relationship was provided. Thus, an explicit equation for the pressure dependent on the contact angle cannot be determined. Since none of these models result in a pressure across the interface as a function of the contact angle, they cannot be easily integrated into models of the driving force of a droplet in EWOD devices.
This study analytically determines the change in pressure across the interface of a droplet confined between two plates in the absence of an applied electrical field. An explicit equation for pressure is derived as a function of the surface tension, gap height, and contact angle. The predicted pressure within the droplet will be used to predict the interface shape. These predictions will be compared against the observed interface shape for aspect ratios between 3.5 and 18.
Experimental facility
The experimental facility used in this investigation is shown in Fig. 2 . The facility consists of a confined droplet device and an optical measurement system. The confined droplet device is made up of two silica glass slides measuring approximately 25 mm 9 38 mm. A 50-nm layer of Teflon was added to the surface of both substrates to make them hydrophobic. This was accomplished by spin coating a 1:2 Teflon and Flourinert FC-75 solution onto the substrates at 2,000 RPM for 60 s. The substrates were first baked at 175°C for 20 min and then at 330°C for 10 min. The spacing between the two substrates is achieved using eight pieces of 3M double-sided Scotch tape. This tape has a nominal thickness of approximately 100 lm, but the gap distance between the two plates was measured optically in each case. Droplets were deposited onto the bottom substrate using a pipette before being covered by the upper plate. Since the droplet volume and gap height are known, the droplet radius was determined by assuming a cylindrical droplet. This assumes that the maximum deformation of the interface is much smaller than the droplet radius. The change in radius due to evaporation for aspect ratios of 3.5 and 18 is presented in Fig. 3 . To minimize the evaporative loss in the droplet, imaging of the interface was performed within 3 min of the droplet deposition in all cases. In this time frame, the change in the radius for all cases is less than 2%. Even after 500 s, this change is less than 4% for all cases examined here.
The optical measurement system used in this investigation consisted of a Leica MZ16F fluorescence stereomicroscope fitted with a 29 lens and a MS5K black and white camera from Canadian Photonics Laboratories (CPL). The CPL camera has a CCD array of 1280 pixels 9 1020 pixels. All images were taken at 169 magnification so that the resolution of the optical measurement system was 1.3 lm/pixel. There is no distortion in the image due to pixel aspect ratio as each pixel is 12 lm 9 12 lm. All images presented here were back lit using a Schott DCR III light source.
The optical measurement system was mounted on an x-y stage, which was used to focus the image and to adjust the field of view in the horizontal direction. The confined droplet device was mounted on a custom machined Delrin block, which was mounted on a Melles Griot manual jack. The jack allowed for vertical adjustment of the field of view. The alignment of the confined droplet device and the microscope was controlled using custom-made fixtures. The shape of the droplet interface was then determined using software developed in MatLab.
Calibration of the optical measurement system was performed using an in-plane calibration target similar to that used by Giardino et al. (2008) . An array of squares with a side length of 75 lm was printed on a transparent screen. The horizontal and vertical distance between the centers of the squares was 250 lm (Fig. 4) . The pitch of the Delrin block was adjusted with a 0.3-mm-thick shim that was added to maximize the number of squares that appeared in focus during the calibration. An error in the pitch would cause the interface near the substrate to appear unfocused. The location of the center of each square was determined using the image processing toolbox in MatLab and calibrated against their known positions. Misalignment in the roll angle of the image was corrected by measuring the slope between squares on the calibration target in MatLab and rotating the image appropriately. The measurement area for this investigation was approximately 120 lm 9 1000 lm (shown in Fig. 4 ). This area is approximately 50% wider and 25% longer than the interface. The interface was in this region for all images presented here. Projected points of interest on the edge of the measurement area were determined by assuming that the error on both " q and " z axes was linear. The average error in both " q and " z was on the order of 0.1 pixels on the edge of the region of interest. The average absolute error in both " q and " z was approximately 0.5 and 0.9 pixels, respectively. On the edge of the region of interest, the error in " q and " z was always below 1 and 2 pixels, respectively.
CPL imaging software was used to create bitmap images, which were analyzed using the image processing toolbox in MatLab. A typical droplet image is shown in Fig. 5 . The initial grayscale image was vertically divided into five equal sections. The grayscale threshold in each section was found using the Otsu method (Otsu 1979) , and the initial image was converted into 5 binary images. The curves from the region of interest in each binary image were used to reconstruct the shape of the interface (i.e. Fig. 5c, d ).
Analytical model
A static axisymmetric three-dimensional model was developed to predict the pressure drop and surface tension forces across the interface of a confined droplet at low Bond numbers in the absence of an electric field. An explicit expression for the pressure across the interface as a function of the gap height, surface tension, and contact angle was derived. A unique feature of this model is that the pressure within the droplet is found without assuming the final shape of the interface in the vertical plane. The model was developed in a circular-cylindrical coordinate system " q; u; " z f g: The angular and vertical coordinates are bounded by p and the gap between the plates, respectively. Since no electric field is applied and the surface properties are independent of position, it is assumed that the droplet is symmetric around the " z-axis, which runs vertically through the droplet's center of mass A (Fig. 1) . The Bond number ðN B Þ gives the relationship between gravitational and surface tension forces as
where q F is the fluid density, and g is gravitational acceleration. In a typical EWOD device, the Bond number is between 3.5 9 10 -4 and 3.1 9 10 -3 (Pollack 1999; Fan et al. 2003; Chatterjee et al. 2006; Cho et al. 2003) . Thus, surface tension forces are dominant over gravitational forces. It is therefore assumed that gravitational effects do not play a role in the shape of the interface, and that the droplet is symmetric about the horizontal plane that runs through the droplet's center of mass.
With these assumptions, a stress equilibrium on the interface shows that its shape can be determined by equating the excess pressure within the droplet and the surface tension between the liquid and the surrounding medium (Fig. 1) . This can be expressed as
where r is the gradient operator, and n is the outward facing normal. The term r Á n represents the total local curvature of the interface (Moon and Spencer 1971) . The total droplet curvature can be determined using the level set function (Osher and Fedkiw 2003)
where " q is the position on the radial axis, " R is the distance between the droplet center and the three phase contact line along the plate, and " n " z ð Þ is the horizontal distance between the contact line and the interface at a given vertical position (Fig. 1) . The surface " / ¼ 0 describes the droplet interface. The total curvature of a surface is the divergence of its outward facing normal, which can be described as n ¼ r/= r/ k k (do Carmo 1976; Osher and Fedkiw 2003) for dimensionless gradient r and level set function /. The total curvature of the surface described by (5) is then
where / i is the derivative of the dimensionless level set function with respect to i. If the origin is translated to the contact line, and the partial derivatives of (6) are evaluated, it can be shown that the deformation of the interface n is given by,
This differential equation of interface shape is of the second order and shows dependence on h ; h À ; p f g : Eq. 7 can be rewritten as two-first-order differential equations 
where g dn=dz ¼ ctgh. The assumption that the interface shape is symmetric about the horizontal plane leads to the condition that hð0Þ ¼ p=2: Using this condition and realizing that n\\1; it can be shown by integrating the second Eq. in (8) that,
where p is the dimensionless pressure p ¼ " p= c= " R ð Þ. The criterion for using EWOD devices to split water droplets in air is that the aspect ratio must be greater than 15 (Cho et al. 2003) . Since " r and " h are of similar magnitude, it is reasonable to consider the case where " r\\ "
. Using a Taylor series for the arctangent and eliminating terms of
This pressure can be used in (8) to determine the interface shape of the confined droplet. Unlike (1), the limit of p as h Àh j ! 90 is 1 and not 0. This is the true value of pressure for a cylindrical droplet with principal dimensionless curvatures 0 and 1. This expression provides an approximation of the pressure within the droplet and accounts for the surface tension force that arises from both1 principal curvatures of the interface. In some cases examined here, the shape predicted by (10) did not satisfy the condition n(h) = 0. As such, the pressure that does satisfy this condition was found iteratively using (8) with (10) as the initial value. This pressure is referred to as the iterative pressure solution.
The iterative dimensionless pressure and those predicted by (1) and (10) are presented in Fig. 6 for a contact angle of 112°and aspect ratios between 3.5 and 18. All three functions increase monotonically with aspect ratio. The prediction from (1) is always lower than that from (10) by a value of 0.98. This value varies between 0.79 and 1 for contact angles of between 180°and 90°, respectively. The difference between the iterative pressure and that predicted from (10) is 0.04 at an aspect ratio of 3.5 and asymptotically approaches 0.02 as the aspect ratio increases. The pressures predicted by (1) and (10) are shown as a percentage of the iterative pressure solution in Fig. 6b . The error decreases with aspect ratio for both predictions. However, the error in the pressure from (10) is more than an order of magnitude lower than that from (1) for all aspect ratios examined here. At an aspect ratio of 15, the difference in the iterative pressure and those predicted by (1) and (10) are 14% and 0.3%, respectively. This case is practically important as the aspect ratio must be greater than 15 to use EWOD devices to split water droplets in air (Cho et al. 2003) .
The difference between the pressure from (1) and (10) is significant for practical EWOD devices. To determine which prediction is more accurate, (1), (10), and the iterative pressure was used in (8) to predict the shape of the droplet interface in the vertical plane. A comparison of the three predicted interface shapes for an aspect ratio of 15 and a contact angle of 112°is presented in Fig. 7 . In all cases, " nðÀ " hÞ ¼ 0 is a boundary condition and is met exactly. The difference between the shape predicted for the iterative pressure and those predicted by (1) and (10) increases with " z: However, the shape predicted using (10) is clearly more accurate. The values of " nð " hÞ for interface shapes predicted by (1) and (10) were approximately 58 and 0.5 lm, respectively. The error in both cases also decreases with increasing aspect ratio (Fig. 8) . As expected, the error associated with (1) is much greater than that predicted by (10) in all cases. This suggests that using the apparent geometry to determine the pressure drop across the interface is not reasonable for EWOD devices. To further examine this result, the predicted interface shapes will be compared to experimentally measured interfaces.
Results and discussion
Optical measurements of the interface were used to verify the following assumptions made in the analytical model:
(a) the interface shape is axisymmetric, (b) the undeformed interface is symmetric about the horizontal axis that passes through the center of the droplet, and (c) the maximum value of " n is much less than the droplet radius " R:
The shape of the interface was determined by analyzing images of a droplet confined between two hydrophobic plates. The difference in the shape of the left and right side interfaces is presented in Fig. 9 . The average difference between the profiles was 0.2 lm. This is lower than the experimental resolution (1.3 lm). Over 91% of the data agreed within one pixel, and over 99% was within two pixels. This suggests that the droplet is axisymmetric.
Assumption (b) was tested by comparing the interface shape from " z½0; À " h to the shape from " z½0; þ " h. A typical case is shown in Fig. 10 . Here, the average difference in " n between the upper and lower halves of the interface was 0.3 lm. Over 93% of the data agreed to within one pixel, and over 99% was within two pixels. This suggests that the interface is symmetric about the horizontal plane for this gap distance and that surface tension forces are of greater importance than gravitational effects in this case. This suggests that the Bond number here is low enough (0.06) to provide a useful comparison for EWOD devices with smaller gap distances where N B % 1:5 Â 10 À3 . Aspect Ratio Fig. 8 The average difference between the iterative pressure and those predicted by (1) (triangle) and (10) (diamond) Assumption (c) was tested by examining n max ¼ " n max " R À Á over the range of aspect ratios examined here (Fig. 11) . The criterion for splitting water droplets in air in EWOD devices is that the aspect ratio of the droplet must be greater than 15 (Cho et al. 2003) . For a droplet with an aspect ratio of 15, the maximum deformation of the interface was 81 lm or 1.4% of the droplet radius. In this investigation, n max was found to be between 6.2% and 1.2% for aspect ratios of 3.5 and 18, respectively. These results suggest that it is reasonable to assume that " n max \\ " R for practical EWOD devices. The contact angle of the measured interface shapes must be known in order to predict the shapes with (1) or (10). These angles are difficult to measure directly from the image due to uncertainty that arises from the image resolution. The contact angle was found by fitting a seconddegree polynomial to the measured data near the substrate. The derivative of this function at the wall is taken to be the Equations (1) and (10) were used with (8) to predict the shape of the interface in the vertical plane. These shapes are compared with measured interface shapes for aspect ratios of 3.5, 9, and 15 in Fig. 12 . The shape predicted by (10) is clearly more accurate than that predicted by (1). The error in the interface shape predicted by (1) increases with " z in all cases. Although the overprediction of " n " z ð Þ decreases with aspect ratio, the average error is still 20 lm for an aspect ratio of 15. The shape predicted by (10) is more accurate than (1) in all cases. For an aspect ratio of 3.5, the value of " n " z ð Þ is zero at À " h, but it increases to approximately -10 lm at " h. The average error in this case was -3.0 lm. This error decreases with aspect ratio, and is below the resolution for aspect ratios of 9 and 15. This result shows that the proposed model for pressure across the interface offers a significant improvement over the model that is used in the majority of EWOD investigations.
A detailed comparison of the experimental interface shapes and those predicted by (10) is shown in Fig. 13 . The distribution of the error (G(T)) is given in (Fig. 13d-f) , each bar in the histogram corresponds to an error of one pixel. For an aspect ratio of 3.5, the error in the predicted shape increases with " z: The predicted value of " nð " hÞ % À10lm. The distribution of the error in this case is broad spanning from ?2 pixels to -6 pixels. The distribution narrows as the aspect ratio is increased. For aspect ratios above 6, the majority of the data agrees to within 1 pixel and virtually all the data is within two pixels. The same comparison was also made for the shapes predicted with the iterative pressure solution (Fig. 14) . For this pressure, the agreement with the experimental data is consistent for all aspect ratios. The distribution of the difference between Aspect Ratio ξ max (%) Fig. 11 The maximum measured deformation of the interface as a percentage of the droplet radius in the horizontal plane Fig. 12 Comparison of -the measured and --predicted interface shapes and the Á Á Á Á Á Á difference between the two for the pressure predicted by (1) at aspect ratios of (a) 3.5, (b) 9, and (c) 15 and that predicted by (10) for aspect ratios of (d) 3.5, (e) 9, and (f) 15 Fig. 13 Comparison of the interface shapes --of the pressure predicted by (10) and -experimental data for (a) 3.5, (b) 9, and (c) 15, and histograms of the difference as a percentage of n max for aspect ratios of (d) 3.5, (e) 9, and (f) 15
Fig. 14 Comparison of the interface shapes predicted by the --iterative pressure and the -experimental data for (a) 3.5, (b) 9, and (c) 15, and histograms of the difference as a percentage of n max for aspect ratios of (d) 3.5, (e) 9, and (f) 15 predicted and measured values of " n " z ð Þ were centered about 0 lm in all cases. The majority of the data agreed to within 1 pixel, and virtually all the data agreed to within two pixels. There is little difference between the accuracy of the shapes predicted by (10) and the iterative pressure for aspect ratios greater than or equal to 9.
The average difference between the experimental data and the shapes predicted using (1), (10), and the iterative pressure is presented in Fig. 15 . As expected, the error associated with (1) is much larger than that for the other two predictions (Fig. 15a) . The error associated with the iterative pressure was always less than half of the experimental resolution (Fig. 15b) . When (10) is used to predict the interface shape at an aspect ratio of 3.5, the average error is on the order of 2 pixels. This error decreases to approximately 1 pixel at an aspect ratio of 6. For aspect ratios greater than or equal to 9, the shape predicted using (10) agrees with the experimental data to within half a pixel.
This study has shown that Eq. (10) provides excellent accuracy for modeling the droplet pressure in confined droplets with no applied electric field. However, in cases where the aspect ratio becomes small (i.e. droplet splitting in EWOD devices), better accuracy can be obtained by determining the pressure iteratively using (8) until n(h) = 0. The predicted value of (10) should be used as an initial value in this process.
Conclusions
An analytical model was developed to describe the equilibrium pressure within a confined droplet for small Bond numbers. An explicit equation for the pressure across the interface was developed as a function of the gap height, surface tension, and contact angle. No assumptions about the final shape of the droplet interface were required to predict this pressure. The assumptions made in the development of the analytical model were verified empirically. The pressure determined from the model proposed here predicted the shape of the droplet interface in the vertical plane. Predicted shapes were also determined using the previous model, and the pressure that satisfied the condition that the contact line of the predicted interface shape occurs at the same radius on both substrates. The shapes predicted from these pressures were compared with experimentally observed interface shapes for aspect ratios between 3.5 and 18.
It was found that the equilibrium droplet interface is axisymmetric and symmetric about the horizontal plane for geometries that are relevant to electrowetting on dielectric devices. It was also found that the maximum deformation of the interface is less than 1.5% of the droplet radius for devices that are capable of splitting water droplets in air. These findings support the validity of the approximations made in the analytical model presented in this investigation.
The dimensionless pressure from (1) consistently underpredicted the iterative pressure. This resulted in errors of 44% and 14% at aspect ratios of 3.5 and 18, respectively. Although (10) consistently overpredicted the pressure, it consistently increased the accuracy from (1) by more than an order of magnitude. The maximum difference between the predicted and iterative pressure was 1.9% at an aspect ratio of 3.5, but it decreased asymptotically to 0.25% for an aspect ratio of 18.
The error associated in the predicted interface shapes also decreased by more than an order of magnitude with the use of the proposed model. The average error in the shape predicted by the proposed model was on the order of two pixels for an aspect ratio of 3.5, but was below half a pixel for aspect ratios greater than 6. This accuracy was comparable to the predictions made with the iterative pressure for practical aspect ratios. The results of this investigation show that the explicit equation for pressure proposed here can be used in EWOD investigations to increase accuracy. However, in cases where the aspect ratio becomes small (i.e. droplet splitting), better accuracy can be attained by iteratively solving for the pressure using (8) so that the contact line of the predicted shape occurs at the same radius on both substrates.
